The results are presented from the experiments using the EUROBALL and RFD/HECTOR arrays, concerning various aspects of collectivity in light nuclei. A superdeformed band in 42 Ca was found. A comparison of the GDR line shape data with the predictions of the thermal shape fluctuation model, based on the most recent rotating liquid drop LSD calculations, shows evidence for a Jacobi shape transition in hot, rapidly rotating 46 Ti and strong Coriolis effects in the GDR strength function. The preferential feeding of the SD band in 42 Ca by the GDR low energy component was observed
Introduction
The excited states in nuclei are traditionally interpreted either as the collective excitations (e.g. in models based on rotating liquid drop), or as many single-particle excitations (e.g. in shell models), or as the coupling of single-particle excitations to the collective modes. Moreover, collective oscillations as the Giant Dipole Resonance (GDR) were found in hot nuclei and satisfactory interpreted within the statistical decay models and shape fluctuation models.
The light nuclei, with mass ranging from A=30 to A=70, open new horizons for studying the excited states in nuclei. On one hand, the number of nucleons is here large enough to align and to form high spins. Because of, however, the relatively light mass and consequently small value of the moment of inertia, the angular velocities associated with high spins are extremely large. One would, therefore, expect to observe much easier effects which are related to the rapid rotation, e.g. change in deformation, Coriolis effects, etc. On the other hand, the number of nucleons is small enough so that the band termination is easily reached, and the related single-particle effects are expected to prevail at highest spins. Also the shape fluctuations with such low number of nucleons are predicted to be sizeable. All this means that in light nuclei one should not expect to have clearly separated collective and single particle excitation modes, but rather a strong mixture of those two extreme approaches
Low-T regime: superdeformation in light nuclei
A textbook manifestation of the collective rotation in nuclei is the observation of the superdeformed (SD) bands. Such bands are characterized by a long cascade of γ-transitions, following the pattern of a rotor with constant moment of inertia, and with a value reflecting the 2:1 axis ratio of the nucleus. In light nuclei, the superdeformation is additionally associated with the extremely rapid rotation. Rotational frequency deduced for the SD bands known in this region can reach even 2 MeV. A typical example of the SD band in such nuclei is the one observed 1 in 40 Ca. The kinematical moment of inertia of that SD band (shown in Fig. 1 with open circles) is constant as a function of rotational frequency, which proofs a very stable superdeformed configuration. Similar SD bands were observed in several other nuclei in this mass region. Some of those bands, however, display less constant behavior in function of the rotational frequency. For example 2 in 61 Cu, the SD band shows gradual decrease of the moment of inertia as a function of rotational frequency (Fig. 1, full diamonds) . This may indicate an important contribution of non collective degrees of freedom in building states with high angular momentum when the band termination 3 is approached.
The main experimental difficulty in studying the high spin phenomena in the light mass region is an excessive Doppler broadening of lines in in-beam γ-spectra. This is due to a high recoil velocity of residues produced fusionevaporation reactions and, of course, due to high energy of γ-rays expected to occur in light nuclei. This constrain can be minimized by making use of the Recoil Filter Detector (RFD) 4 , when coupled to the Ge-array. The RFD is a system of 18 heavy ion detectors distributed around the beam axis placed downstream. It measures a time of flight of incoming residual nuclei produced in the reaction with respect to a beam pulse, as well as their flight direction. In this way the RFD enables a complete determination of the velocity vector of every recoiling nucleus, thus the event by event Doppler correction can be performed.
To study the high spin states in 42 Ca nucleus in the experiment at VIVITRON accelerator of the IReS Laboratory of Strasbourg (France), the RFD was coupled to the EUROBALL. The resulting complex level scheme hω ω ω ω 
High-T regime: Jacobi shape transitions and Coriolis effects in the GDR in light nuclei
The Jacobi shape transition, an abrupt change of nuclear shape from an oblate ellipsoid non-collectively rotating around its symmetry axis to an elongated prolate or triaxial shape, rotating collectively around the shortest axis has been predicted to appear in many nuclei at angular momenta close to the fission limit. In particular, recently developed LSD (LublinStrasbourg Drop) model 6, 7 has been used to calculate the Jacobi transition mechanism in 46 Ti nucleus. The results of these calculation 8 have shown, that the equilibrium shape of the nucleus (in this liquid drop approximation) is spherical at I=0 and nearly spherical for I<10 , becomes oblate at larger spin value and the size of the oblate deformation becomes larger when the spin increases. At around I=28 the Jacobi shape transition sets in: the nucleus becomes unstable towards triaxial and then (for I>34 ) it follows prolate shape configurations, with rapidly increasing size of the deformation up to the fission limit (around I=40 ).
Following these prediction, an another experiment at the VIVITRON accelerator was performed, using the EUROBALL phase IV Ge-array coupled to the HECTOR array 9 . In this experiment the 46 Ti compound nucleus was populated in the 18 O+ 28 Si reaction at E B =105 MeV (for details see Ref. 10 ).
The GDR spectrum, gated on known, well resolved low energy γ-ray transitions of 42 Ca what selects high angular momentum region of the decaying compound nucleus, is shown in Fig. 2 (left panel) together with the best fit Monte Carlo Cascade calculations. The quality of the fit can be judged more clearly by inspecting the right panel of Fig. 2 , where the GDR line shape, i.e. the extracted absorption cross-section using the method described in e.g. Ref. 11, is shown. One feature of the obtained GDR line shape is a broad high-energy component centered at around 25 MeV. Much more pronounced, however, is a narrow low-energy component at 10.5 MeV. This fit shows also that the average GDR line shape has to be approximated with at least 3 components.
In order to interpret this GDR line shape, we use the same approach as has been adopted in many studies concerning the GDR in hot and rotating nuclei (see e.g. Ref. nucleus at a given deformation value) are calculated by using the macroscopic deformation-dependent LSD energies. In the calculations, we include the possibility of Coriolis splitting of the GDR strength function for given spin and deformation value using the rotating harmonic oscillator model 13 . Thus, for each deformation point the GDR line shape consists in general of 5-Lorentzian parametrization. The results for spin region I=28-34 are presented together with the experimental GDR strength function in Fig. 3a .
A noteworthy good agreement between the theoretical predictions and the present experimental results can be observed. For comparison, the calculated averaged GDR line shape for I=24, i.e. in the oblate regime, is shown with dashed line in the same figure. This agreement might be an evidence of observation of the predicted Jacobi shape transition. Additional signature for the Jacobi transition may come from the presence of two other broad components in the strength function at higher energies both in the experiment and calculations. One component, at around 17 MeV, is clearly seen in the present data, and the other which is very broad (20-30 MeV) can also be identified
To demonstrate the importance of the Coriolis effect, Fig. 3b shows the same calculations of the average GDR line shape when neglecting the Coriolis splitting. As can be seen, in this case the low-energy component has higher energy than the experimental one, and also the entire GDR line shape does not reproduce the experimental data. The predictions for the oblate regime (I=24) are very weakly sensitive to the Coriolis effect. 
Link between high-T and low-T regimes: GDR feeding of the SD band in 42 Ca
To see how the different regions of high-energy γ-rays feed the discrete lines in 42 Ca residual nucleus, the gates (1 MeV wide) were set on the GDR spectrum and with such a condition the discrete line intensities were analyzed. The ratio of the intensity within the SD band in 42 Ca (the one shown with full squares in Fig. 1 ) to the intensity of transition between states with normal deformation, is plotted in Fig. 3c . The ratio was normalized arbitrarily to 1 at 6 MeV. As can be seen, in the region 8-10 MeV the ratio is larger by a factor of 2 as compared to the low energy (statistical) region, and by factor almost 4 as compared to the normal GDR region (>12 MeV). Considering that the gates were set on the raw spectrum (left panel of Fig. 2) , not corrected for the detector's response function, this 8-10 MeV bump in the ratio corresponds to the 10.5 MeV low energy component of the GDR strength function shown in Fig. 3a .
This might indicate that the low energy component of the GDR in the compound nucleus 46 Ti feeds preferentially the SD band in the 42 Ca evaporation residue. One can also speculate that the highly deformed shapes created by the Jacobi shape transition at rapidly spinning hot light nuclei persist the evaporation process and this results in population the superdefomed bands in cold high-spin residua.
One should note that similar preferential feeding of the SD-bands by the low energy component of the GDR has been observed 14 in the case of 143 Eu.
Summary
A collective rotation forming the superdeformed band has been observed in 42 Ca, with a moment of inertia similar to the other measured in this mass region. High-energy γ-ray spectrum from the hot 46 Ti compound nucleus measured in coincidence with discrete transition in the 42 Ca residues shows highly fragmented GDR strength function with a broad 15-25 MeV structure and a narrow low energy 10.5 MeV component. This can be interpreted as the result of Jacobi shape transition and strong Coriolis effects. In addition the low energy GDR component seems to feed preferentially the superdeformed band in 42 Ca. This suggests that the very deformed shapes after the Jacobi shape transition in hot compound nucleus persist during the evaporation process. Thus the Jacobi shape transition in the compound nucleus might constitute kind of a gateway to very elongated, rapidly rotating cold nuclear shapes.
